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PLATES  XIX-XXIX. 
The varieties of parasites commonly described as present in the 
circulating blood of cases of aestivo-autumnal malaria, are the small 
ring-forms,  crescents and  ovoids,  including the  male  and  female 
gametes.  These latter forms are understood to be present but their 
sexual cycle is believed to occur only outside  the human body,  ordi- 
narily in the body of the mosquito.  I  desire to report observations 
on all the forms mentioned above, beginning with the sexual cycle 
and a description of the development and morphology of the sexual 
forms as  found in the circulating blood. 
THE  SEXUAL CYCLE OF  THE  ZESTIVO-AUTUMNAL PARASITE 
AS  FOUND. IN  THE  CIRCULATING BLOOD OF  ITS 
HUMAN HOST. 
Study  of  many  smears  demonstrates  that  there  can  be  distin- 
guished not only in the mosquito, but within the human  body, two 
sexual  types  of  full-grown parasites  (gametes).  One,  the  male 
or  microgametocyte, develops  a  flagellum  (microgamete)  which 
separates itself from the body of the parasite and enters the body 
of another type of parasite, the female or macrogamete, thus com- 
pleting the process of fertilization. 
Developmental stages of the different' varieties of malarial para- 
sites have been worked out in the mosquito by Ross,  Bignami, Bas- 
tianelli,  Grassi,  and others.  MacCallum while studying the blood 
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of  birds  infected  with  the  halteridium,  and  subsequently  when 
examining  the  blood  of  ~estivo-autumnal  fever  after  its  removal 
from the body, observed a  flagellum break loose from a  flagellated 
organism and penetrate the body of a  non-flagellated parasite; this 
he interpreted as  a  process of  fertilization. 
My  studies appear to  demonstrate that not only is  there differ- 
entiation into male and female elements, but that the process of fer- 
tilization and sporulation occurs in the circulating blood of human 
beings.  Accordingly I  shall  trace,  with constant reference to  the 
microphotographs, the morphological stages in the sexual cycle of 
the crescentic ~estivo-autumnal parasite  in the circulating blood. 
Staining  Reaction  of  the  Gametes  (Leishmann's  Stain).--The 
microgametocyte and  the  macrogamete,  in  their  early  ring-form 
stage, stain similarly; but as the parasite develops in size,  the body 
of  the  microgametocyte stains  more  intensely blue  than  does  the 
body of the macrogamete. 
The nucleus of the microgametocyte stains a magenta-pink, while 
the nucleus of the macrogamete takes  a  very  delicate pink  color. 
The  pigment is  green.  The  capsules  are  usually  achromatic  but 
very occasionally one may be seen stained an almost imperceptible 
blue. 
Encapsulation.--Many  of  the  parasites,  after  the  small  ring- 
form stage, appear to be encapsulated.  The capsules may be either 
opaque or semi-opaque to the red corpuscles, and when a  precipi- 
tate  has  been  thrown  down  with  the  stain  used,  the  achromatic 
capsule shows clearly against a dark background.  Plate XXI, Figs. 
8  to  14,  and plate  XXIX,  Figs.  25  and  26,  show adult  crescents 
with  only  a  rim  of  the  corpuscle  (at  "a")  protruding  from 
beneath the capsule of the parasite.  In plate XXI,  Figs,  I,  2,  6, 
and plate XXIII, Fig. 5, the corpuscle can be seen showing faintly 
through the  capsules  of  the parasites.  The  microgametocyte  ap- 
pears  to be protected by the capsule only during the period of  its 
development,  for  no  trace  of  it  is  seen  after  the  parasite  has 
reached the flagellating stage; but the macrogamete  appears  to be 
protected by this capsule during both  its  developmental stage  and 
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THE  MICROGAMETOCYTE (MALE). 
Development of the Microgametocyte.--The  parasite  from which 
the  flagellum  later  issues  develops  from  the  familiar  small  ring- 
form parasite,  gradually  increasing in size, but retaining its  spher- 
ical  contour throughout until  it'  is  as  large  or  larger  than  the  red 
corpuscle.  Throughout its developmental " round"  stages it never 
reaches  as  large  a  size  as  does  the  macrogamete  (female)  (see 
plate XXIII, Figs.  I  to 7,  giving stages in the developmental cycle 
of the microgametocyte. 
Nuclear  Substance of  the  Microgametocyte.--The  chromatin 
material  in  the  early  developmental  stages  is  more  compactly 
arranged  than  that  of  the  macrogamete.  It  increases  rapidly  in 
bulk  as  the  parasite  develops,  and  when the  microgametocyte has 
reached the  adult  stage,  the chromatin  forms  itself  into a  delicate 
filament and  is seen  in the  form  of  a  loose  skein within  the body 
of  the  parasite  (plate  XXIII,  Figs.  7,  8,  9)-  In  some  parasites 
the nuclear material is arranged  in the  form of rods,  connected by 
very slender threads,  and  closely resembles  the  chromosomes of  a 
nucleus  undergoing  mitotic  division  (as  is  seen  in  plate  XXIII, 
Fig.  8).  As  a  rule,  this  latter  arrangement  of the nucleus occurs 
while the parasite  is in the circular form. 
The Flagellum of the Microgametocyte.--The  flagellum emerges 
from the body  of  the  microgametocyte,  usually  from the  concave 
side and always after the parasite has assumed the crescentic phase 
of development.  The extremity of the flagellum is generally clubbed 
(plate  XXIII,  Figs.  24,  25,  26).  The curled and  twisted  appear- 
ance of the flagellum suggests active and varied motion and makes 
it difficult to state accurately its length; but some appear to be two 
to  three  times  the  length  of  the  flagellating  parasite.  Occasion- 
ally  a  grain  of  pigment  is  seen  in  or  on  a  flagellum  after  it  has 
emerged from the parasite  (plate XXIII,  Fig.  16).  In every case 
there  appeared to be but one flagellum to each  crescent.  It  is ex- 
ceedingly rare to find a  trace of the corpuscle in connection with a 
flagellating crescent.  Plate XXIX gives a much clearer idea of the 
flagellated crescents than can be obtained from the uncolored photo- 
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Pigment.--The  pigment  is  green  and  in  the  form  of  dots  and 
rods  or  both  in  the  same  parasite.  It  is  less  in  quantity  and  ar- 
ranged more compactly than is the pigment in the developing mac- 
rogametes.  In  the  flagellating  crescents,  the pigment  is  generally 
centrally  placed. 
Cadaveric  Parasites  (after  the Escape  of  the Flayella ).--Some 
parasites show an entire absence of chromatin and contain more or 
less pigment  (plate  XXIII,  Figs.  30  to  33).  These  are  probably 
microgametocytes that  have  become  cadaveric  after  the  escape  of 
the flagella.  Most of these cadaveric parasites  are short and thick, 
and  nearly all of them show loss of staining affinity  (degenerative 
changes). 
THE  MACROGAMETE  (FEMALE). 
Development  of  the Macrogamete.--The  macrogamete  (like  the 
microgametocyte)  develops from the small ring-form parasite,  and 
gradually  increasing  in  size  without  losing  its  circular  contour,  it 
reaches a  larger size than does the microgametocyte before  "open- 
ing out"  into  the  crescentic  form. 
The Chromatin Substance  and "' Achromatic Zone"  of the Mac- 
rogamete.--Soon  after the appearance of the small ring-form stage 
of the parasite  the nuclear material  of the macrogamete breaks  up 
capsulo~ 
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into  more  or  less  finely  subdivided 
granules  and  remains  so  throughout 
the  development  and  sexual  activity 
of  the  parasite.  These  granules  are 
probably  always  contained  in  a  cir- 
cular  or  oval  achromatic  portion  of 
the  parasite.  This  achromatic  portion,  often  difficult to  show  in 
the photographs, may be identical with the achromatic zone  of the 
small  ring-form  parasite,  and  is  generally  situated  in  the  part  of 
the parasite  between the poles of  the crescentic body  "curled  up" 
in  its  capsule  (text-figure  i).  In  many  of  the  macrogametes 
the  achromatic  zone  suggests  a  bladder-like  sac  containing  the 
chromatin granules  (plate  XXV,  Figs.  2,  3,  6  to  IO,  16 to  18, 20 
to 23,  and plate  XXIX,  Figs.  16 to 21).  This appearance  would 
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the  small  ring-form  parasite  is  a  vesicular  nucleus  containing  the 
chromatin granules of the parasite.  If this achromatic zone of the 
macrogamete is a resistant secretion surrounding the nuclear mater- 
ial,  would it  account  for the poor staining  reaction of the  nuclear 
granules ?  It might be well to state here that I  was unable to see an 
achromatic zone for the protection of the chromatin granules of the 
microgametocyte,  after  the  small  ring-form  stage. 
Pigment.--The pigment of the macrogamete during its existence 
as  a  round  body  is  more  profuse  and  more  scattered  than  is  the 
pigment of the microgametocyte, but resembles it in color  (green) 
and  in being present  in the  form of dots and  rods  or  both  in the 
same  parasite.  It  is  generally  situated  in  what  will  be  the  body 
proper of the macrogamete after it has " opened out" into the cres- 
centic  form and often tends to give the macrogametic  round body 
the appearance  of a  curled-up crescent  (plate  XXIV,  Figs.  19,  20, 
21, 24, 25; plate XXV,  Figs. 4, 6, 8  to  Ii;  and plate XXVI,  Figs. 
I, 2, 3).  Very rarely a  few granules of pigment may be seen over- 
lying the achromatic zone of the macrogamete  (plate XXV,  Fig.  6, 
plate  XXIX,  Fig.  18).  When  the  maerogamete  is  preparing  to 
sporulate,  the pigment collects at  the  centre  of the parasite  (plate 
XXVI,  Figs.  6  to  15). 
Fertilization.---Before  fertilization  (i.  e.,  when  nothing  resem- 
bling a  flagellum can be made out in the macrogamete), the macro- 
gametic round body generally shows a  slight indentation in its out- 
line  (plate  XXIV,  Figs.  3  to  8)  which  probably  corresponds  to 
the clubbed ends  of the  crescent-to-be.  Plate  XXIV,  Figs.  9,  IO, 
I I,  show an achromatic circular portion of the " round body"  (at 
"a")  which  appears  to be  a  part  of  the  capsule;  this portion  of 
the  parasite  protrudes  out  from  the  rest  of  the  body,  slightly  in 
Figs.  9  and  IO, decidedly in Fig.  II.  This circular portion of the 
macrogamete might be  interpreted  as  a  place  of  entrance  for  the 
reception  of  the  flagellum. 
The flagellum,  or male  fertilizing element, being in the  form of 
an unbroken  filament  and staining a  deep magenta-pink, can easily 
be distinguished  from the nucleus of the macrogamete,  or  female, 
whose nucleus is always  in the  form of granules  and stains  a  deli- 
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and plate XXIX, Figs.  12 to 15, the flagellum can be seen partially 
within the macrogamete and partially outside of it.  This  appear- 
ance  can  be  interpreted  as  meaning that  flagella  are  entering the 
macrogametes.  In plate XXIV,  Figs.  19  to  25,  plate  XXV,  Fig. 
19,  and plate XXIX, Fig.  16,  the flagellum can be seen partially in 
that  portion  of  the  parasite  situated  between the  poles-to-be,  and 
partially  in  the  body  proper  of  the  macrogamete;  and  in  plate 
XXIX,  Figs.  17,  18,  the  flagellum  is  seen  in  its  entirety  in  the 
body-proper of the crescent-to-be, and fertilization is accomplished. 
After fertilization has taken place the nucleus of the macrogameCe 
is still seen between what will be the poles of the crescent when it 
has opened out  (plate XXIX, Figs.  17 and 18). 
What is the ultimate fate of the flagellum after its entrance into 
the  body  of  the  macrogamete?  As  the  macrogamete reaches  its 
full maturity, after fertilization and before segmentation, the flag- 
ellum  within  it  appears  to  lose  its  delicate,  thread-like  structure, 
becoming shorter and thicker and apparently less in quantity.  This 
condition is shown in plate XXIX,  Figs.  19 to 23.  The inference 
might  be,  in  the  absence  of  evidence showing  that  it  unites  with 
the  individual  nuclear material of the macrogamete, that  it  is  ab- 
sorbed,  for I  do not remember having seen chromatin material be- 
neath  the  pigment  in  any of  the  segmenting crescents.  And  the 
evidence seems to support the theory that the nuclei of the preseg- 
menting parasites  are  derived  from the macrogametes'  own  chro- 
matin  material.  In  the  fertilized  macrogametes  but  one  flagel- 
lum was  seen in  each parasite. 
MANNER  OF  REPRODUCTION. 
Segmenting  Crescents.--Several  theories  of  the  early  observers 
concerning the segmentation of the crescents are more or less sup- 
ported by my observations. 
(a)  Budding.--It is  rare  that  a  crescent is  seen with  protuber- 
ances at its periphery or on its surface suggesting gemmation.  Such 
an appearance  is  shown in  plate  XXlI,  Figs.  25  and  26.  At  the 
present time this is not believed to be a  process of reproduction. 
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supported by  Mannaberg.  Plate  xxII,  Figs.  27,  28,  29,  give  a 
suggestion of transverse  division.  Fig.  27  shows two  nuclei; but 
such  form of division is  rare.  I  believe that  those photographed 
were the only ones seen in my specimens.  No  good evidence of 
transverse  segmentation could be  made out in the crescents  from 
which the pigment had been removed (plate XIX,  Figs. 34 to 37), 
and over a  hundred were examined. 
(c)  Spore  Formation.--For  this  form  of  segmentation in  the 
crescent, I  find more evidence than  for the "budding "  or  "trans- 
verse  division."  Plate  XXVI,  Figs.  7  to  I5,  show  segmenting 
crescents.  In this  form of segmentation, the act of  reproduction 
ends the individual life of the sporulafing crescent by using up all 
the  protoplasm  in  the  formation  of  spores  or  ring-bodies.  The 
number of  spores  to  each crescent averages  from nine  to  twelve. 
The segmenting crescents were not seen attached to red corpuscles. 
Plate XXVI, Figs. 9  and I I,  show such a  clear outline to the seg- 
menting crescents as to suggest the presence of a  protecting mem- 
brane for the sporulating crescents.  With one exception the chro- 
matin  granules  were  arranged  at  the  concavity  of  the  parasite. 
These granules  stained a  very delicate pink, as  did the chromatin 
granules of the macrogametic round body. 
It seems probable that the chromatin granules of the macrogam- 
etic round body "open out" (as seen at "' a "' in plate XXIX, Figs. 22 
and 23)  from their arrangement in the ball-like form (plate XXIX, 
Fig.  21),  and then arrange  themselves along the periphery at  the. 
concavity of the crescent  (as seen at  "a "  in plate XXVI,  Figs.  5 
and 6).  This process occurs probably just prior to the segmenta- 
tion of the crescents, and the function of these chromatin granules 
may be to furnish the nuclei of the new spores.  The arrangement 
of the chromatin granules of the fertilized macrogamete at '" a"  in 
plate XXV, Fig. I, suggests the possibility of this being the ultimate 
fate of the chromatin granules of the macrogamete, for I  can find 
no evidence that the chromatin granules of the macrogamete enter 
into the body proper of the parasite after  it has reached maturity 
and opened out,  preparatory to sporulation. 
I  believe that plate XXVI, Fig.  I6, represents the spores  from a 
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of  the  parasites  appears  more  delicate  than  is  usual  in  the  spores 
of free segmenting tertian  bodies, or in those of the ~estivo-autum- 
hal  rosettes. 
Pigment-bearing  leucocytes were  found  in  every smear  contain- 
ing  segmenting  crescents  (see plate  XXVII),  and  as  melaniferous 
leucocytes are most numerous in the blood of other types of malaria 
at  the  time  of  segmentation  of  the  parasites,  their  presence  here 
would  be  contributory  evidence  of  the  true  nature  of  the  " seg- 
menting"  crescents. 
The  proportion  of males  to  females  during  the  period  of sexual 
activity of the ~estivo-autumnal  parasite  is  remarkably  equal,  while 
in  the  tertian  infections,  the  proportion  of  males  to  females  is 
very small.  This might be explained by the  fact tha¢ the males of 
the ~estivo-autumnal  infections develop but one flagellum, while the 
males of the tertian  infections give off several, provided,  of course, 
that  each  female  parasite  receives but  one  flagellum,  which  up  to 
the present time I  have  found to be the case in both ~estivo-autum- 
nal  and  tertian  infections. 
THE  MORPHOLOGICAL  CHARACTERISTICS  OF  THE  ~STIVO- 
AUTUMNAL  PARASITE  AND  ITS  RELATION  TO  THE 
RED  CORPUSCLE. 
I.  TIlE  SMALL  RING-FORM  PARASITE. 
The  small  ring-form  parasites  closely resemble  the  young para- 
sites of the tertian  and  quartan  malaria.  They may be found  free 
in the blood serum or attached to corpuscles.  They are more often 
seen  attached  to  the  periphery  of  the  red  corpuscle  than  are  the 
ring-forms of the other varieties of malaria.  As a rule, they appear 
to  contain  no pigment;  but careful  examination  of the  ring-forms 
seen at the edges of smears where the parasites  are  often flattened 
out, show an occasional grain of pigment in their protoplasm. 
Achromatic  Zone.---These  young  forms  are  not  really  ring- 
shaped.  The central portion is achromatic  and only the outer zone 
takes  up  the  stain,  thus  giving  them  the  appearance  of  being 
ring-shaped.  The  youngest  forms  of  the  parasite  which  are 
found  free  in  the  blood  serum  immediately  after  segmentation 
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that  it  is scarcely  apparent  and  it  is  only after  the  attachment  of 
the parasite  to the corpuscle that this colorless portion becomes an 
appreciable  part  of  the  parasite.  This  central  portion  or  achro- 
matic zone may be so thin as to allow the corpuscle to show through 
or it  may be  opaque,  as  is  seen in plate  XX,  Fig.  15,  where  it  is 
shown stretched across the corpuscle from one parasite  to another. 
This is also seen in plate XX, Fig.  14, where an appearance of bud- 
ding is given to the corpuscle owing to  the  opacity  of  the  achro- 
matic portion  of two  parasites.  Some of  the  early  observers  be- 
lieved this achromatic portion to be a  resistant secretion surrounded 
by an extremely delicate membrane  (or  cyst wall)  for  the protec- 
tion of the nucleus; others believed it to be a  vesicular nucleus con- 
taining the chromatin granules.  There is no good evidence that the 
parasite is encapsulated during its earliest ring-form stage. 
"Loop Attachments."--Many  of  the  small  ring-form  parasites 
show a  more  or  less  delicate,  thread-like  attachment  (plate  XIX, 
Figs.  15  to 25)  in the  form  of a  loop,  arising  from  the  body of 
the parasite,  usually near  its  nucleus, and staining  similarly  to the 
body of the parasite.  The  function of this  loop appears  to be  to 
assist  the  parasite  in  securing  attachment  to  the  surface  of  the 
corpuscle.  In  plate XIX, Fig.  15, each of the three parasites shows 
this  delicate  loop  attachment.  Occasionally  a  parasite  having 
this  attachment  is seen  free  in the blood  serum  (plate  XIX,  Figs. 
16  to 20).  In plate  XIX,  Fig.  32,  there  is an  "ovoid"  or "con- 
tracted"  crescent  free  from  the  corpuscle,  with  its  pigment  dis- 
solved  out,  where  the  loop  attachment  can  be  demonstrated  by 
careful search  as  a  very delicate  ring arising  from the vicinity of 
the nucleus and extending just beyond the periphery of the parasite 
(dotted lines  are  put  in  with a  pen just  outside the loop to  show 
its position). 
In plate XIX,  Figs. 22 and 26 to 3 I, small round rings are seen. 
These  stained  blue,  but  in  them there  was  a  complete  absence  of 
chromatin material.  In  this  plate,  Fig.  3o  shows  a  thickening at 
one point corresponding to a  nucleus.  These rings might be inter- 
preted as young parasites, the absence of chromatin being due to its 
forcible  removal  in  spreading  the  smear,  or  resulting  from  an 
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parasites  in plate XXVI,  Fig.  21,  where several of the ring-forms 
--undoubtedly parasites--( oval  in  shape)  are  seen  to  be  without 
nuclei.  More probably,  however, the small round rings  in the red 
cells  are  loop attachments  broken  loose  from  the  ring-form  para- 
sites;  for  they  never  show  an  achromatic  zone,  and  in  plate 
XIX,  Figs.  26  and  3I,  an exceedingly delicate  thread  can be  seen 
connecting these rings  (" loops ")  with ring-form parasites. 
Chromatin, Its Irregular  Distribution and Distortion in the Young 
Parasite.--The irregular distribution of the chromatin in the small 
ring-form parasite  (shown in plate XX, Figs.  I to 4, 6 to I I)  is due, 
I believe, to technique while spreading the smear and illustrates how 
easily  the  chromatin  may  be  subdivided.  Most  of  the  parasites 
showing  the  broken-up  nuclei  were  found  along  the  edges  of 
smears made on slides and were generally seen in groups of several 
parasites  whose  nuclei  were  all  similarly  distorted.  Most  of  the 
parasites  were  not close enough tog'ether  for many to be  included 
in good focus.  Plate XX,  Figs.  IO and  II,  show nuclei distorted 
in circles,  but the pictures  lack  contrast  because the parasites  had 
faded somewhat and made weak negatives, which lind to be printed 
very  dark  to bring  out  the  parasites.  Here  the  distortion  of  the 
corpuscles shows violence in smearing.  In plate XX, Figs.  I  and 2, 
the distorted nuclei show distinctly.  Many microscopic fields were 
observed where groups of parasites  showed a  uniform, thread-like 
structure  with nuclei at  opposite poles.  In plate  XX,  Fig.  8,  two 
parasites  are  seen  slightly drawn  out of shape,  the nucleus of one 
of these parasites at "a'" is broken up into five granules of varying 
size, two of which extend beyond the protoplasmic periphery of the 
parasite.  In plate XX,  Figs.  I2 and  13, parts of the nuclei of the 
parasites  are  drawn  out  in  threads  over  the  adjacent  corpuscles. 
The fact that the nucleus of the small ring-form parasite  can be 
broken up or  drawn  out of  shape  (often  beyond the body of  the 
parasite)  by  technique,  without  distortion  of  the  protoplasmic 
body of the parasite would seem to preclude the idea of the parasite 
being protected by a  capsule at this period of its existence; it gives 
some evidence, however,  that the parasite  at this  stage of develop- 
ment is  attached  to the external  surface  of the corpuscle,  and  not 
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Relation  of  the Small Ring-Form Parasite  to  the  Corpuscle.-- 
Evidence that the parasite is not intra-cellular but is attached to the 
surface  of  the  corpuscle  is  shown  in  plate  XX,  Figs.  16  to  I9, 
showing elongated parasites  extending transversely across  the red 
corpuscles.  1  They  are  undoubtedly  young  ring-form  parasites 
drawn out when spreading the blood, all in one direction without 
injury to or di.Ctortion of the red corpuscles. 
Multiple  Infection by Small Ring-Forms.--Multiple infection of 
red  corpuscles by young ring-form parasites  is  not uncommon in 
the blood of ~estivo-autumnal malaria; but it is unusual to see more 
than  three parasites  in  one corpuscle.  Plate  XIX,  Figs.  9  to  15, 
show corpuscles infected with  from three to  six parasites.  Some 
parts of the parasites do not show distinctly because it is impossible 
to get all the parasites in perfect focus at one time.  Each nucleus 
represents a  parasite. 
Multiple infection of the corpuscles by older forms of the ~estivo- 
autumnal parasites  is  exceedingly rare.  I  have  never  seen  more 
than two mature parasites in one corpuscle in mstivo-autumnal ma- 
laria.  It is quite possible that these young ring-forms destroy the 
corpuscle which they first attack, and then attach themselves  to other 
corpuscles.  The  young ring-forms  seen  free  in  the  blood  serum 
with  the  loop  attachments  (plate  XIX,  Figs.  16  to  2o),  may 
result from such a  condition.  Certainly these parasites look older 
than those pictured in plate XIX,  Figs.  I  to 8. 
2.  THE  CRESCENT. 
The shape  of  the  crescent parasite is  like  that  of  a  caterpillar 
whose extremities may both be blunt (plate XXI, Figs.  17, 20, 23) , 
both pointed  (plate  XXI,  Fig.  22)  or  one blunt and  one pointed 
(plate XXI, Fig.  18).  The crescent is wider than it is thick.  This 
is shown in plate XXI, Figs. 22 and 23, where one end of the tape- 
like body is folded over itself  (see also text-figure 2). 
Relation  of the Crescent to the Red Corpuscle.--The crescent is, 
1  In  the Bulletin  of  the Johns Hopkins  Hospital,  1904, xv, 22,  I  published  an 
article called "Unusual forms of Malarial Parasites," wrongly interpreting these 
forms  as  stages  in  the  life  cycle  of  the  aestivo-autumnal  crescentic  parasite, 
whereas  they  are  obviously  due  to  unequal  pressure  used  while  spreading  the 
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I  believe,  extra-celhdar  throughout the  whole period  of  its devel- 
opment.  By  extra-cellular  I  mean  attached  to  the  external  sur- 
face  of  the  red  corpuscle;  but  not  incorporated  within  its  sub- 
stance  or  submerged  beneath  its  surface.  The  parasite  attaches 
itself to the corpuscle as a  caterpillar wraps itself around a  straw- 
berry.  This is especially well seen in plate XXI,  Figs.  I5,  I9,  20, 
2I, 22, 23, 24, and 25.  My interpretation of Fig.  I8 is schematized 
in text-figure 3.  The dotted oval represents the corpuscle, the out- 
line of which, especially at "a,'"  may be traced through  the trans- 
eorp  uselo~P  ~raSite 
TEXT-FIGURE  "2.  TEXT-FIGURE  3. 
parent body of the overlying and embracing parasite.  In plate XXI, 
Figs.  15  and  16, we can see the corpuscle projecting on either side 
of the crescent.  Ordinarily, however, the corpuscle appears only on 
one side of the crescent  (as the  familiar "bib"  or  "apron,"  plate 
XXII, Fig. 7)-  The reason for this may be, that in the flow of the 
blood  film  under  the  cover-glass  the  crescent  has  the  right  of 
way,  so  to  speak,  because  it  is  heavier  and  thicker  than  the  cor- 
puscle after its loss of substance.  Therefore the crescertt-parasite 
is  first touched by  the  cover-glass  or  slide  during  the  process  of 
smearing,  so  that  only  slight  pressure  is  necessary  to  start  the 
crescent  off,  dragging  after  it  the  collapsed  remains  of  the  cor- 
puscle.  The presence of the "apron" on both sides of the crescent 
is rarely seen, and is much more difficult to explain. 
Sometimes (as in plate XXI, Figs. 25, 26)  the " apron " appears 
larger than the parasite.  In Fig. 25 , careful focusing showed that 
the parasite was partially detached from the corpuscle and doubled 
upon itself. 
The So-Called "' Double Contour "' of Crescents.--Crescents have 
been described as having a  double border which has been variously 
interpreted as a  capsule, as a  thickening of the protoplasmic border Mary Rowley-Lawson.  275 
of the parasite,  as a  renmant of the red blood corpuscle surround- 
ing the parasite, and as one of the distinguishing characteristics of 
the  quotidian  ~estivo-autumnal parasite.  The  smears  from  which 
the crescents with this apparent double-contour  (plate XXII,  Figs. 
I, 2,  13,  14,  15,  17)  were photographed were unevenly stained.  In 
one part the eosin strongly predominated and it  was  in this  eosin- 
area  only that  the crescents with  the  double  contour,  staining  an 
intense  eosin  pink,  we~'e  found.  This  border  stained  exactly  the 
color of the red corpuscles in its vicinity, and in the portions of the 
smear  where  the  double  borders  were found,  the  "aprons"  or 
"bibs"  were generally more deeply stained.  It  seems improbable 
that this double contour, represents a  capsule,  for in every instance 
where  I  have  observed  capsules  they  were  either  achromatic  or 
stained  a  most  delicate  blue,  while  the  double  border  invariably 
stained an eosin pink.  Achromatic capsules were seen in the same 
specimen  and  in  the  same  eosin-zone,  where  the  double  contour 
crescents were found. 
In the specimens studied, the double border appeared to be  cor- 
puscular  remnants  showing  at  the  periphery  of  the  parasite.  In 
plate XXII,  Fig.  I8,  note the appearance of the corpuscle at  " a." 
The corpuscle showing at the ends of the parasite resembles the so- 
called double border. 
Pigment  in  Crescents  and  Its  RemovaL--The  pigment  of  the 
crescent is capable of being removed without apparent injury to the 
substance of the crescent.  One finds pigment-free crescents along 
the edges of old  smears where the xylol used  for cleaning the oil 
from the cover-glass has soaked in between the cover-glass and slide 
and reached the smear.  In a  large blood-smear made upon a  slide 
and covered only in part by a  cover-glass, I  have been able, by sev- 
eral washings with xylol, to remove the pigment from most of the 
crescents in the uncovered portions,  while the crescents in the por- 
tion  which  was  thoroughly  protected  by  a  cover  glass  from the 
action of the xylol, remained pigmented.  It is highly probable that 
the xylol dissolved the pigment, for if it were removed mechanically 
it could not have been removed from any portion of the smear pro- 
tected by the cover-glass.  By reason of the  fact that the nucleus 
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pigment,  we are unable to study its finer structure and position sat- 
isfactorily unless  the  pigment  can  be removed.  Plate  XIX,  Figs. 
32  to 37, show pigment-free  crescents. 
Study of pigment-free  crescents show that,  as a  rule,  the nuclear 
material  is  situated  nearer  to  one  end  of  the  crescent  than  to  the 
other,  and  is  surrounded  usually  by an  achromatic  or  white  area, 
which  area  is  often divided  into  two  oval  portions  placed  side  by 
side like the glasses of spectacles (see plate XIX, Figs.  35, 36,  37)- 
_As a  rule, there are several smaller achromatic or pale-stained areas 
on  either  side  of  those  containing  the  nuclear  material,  along  the 
long axis of the parasite.  Comparison of many pigment-free  cres- 
cents shows a  suggestion of uniformity in the arrangement  of these 
light areas. 
3"  ROUND  BODIES  AND OVOIDS. 
The  only  true  round  body  is  the  developing  crescent,  the  other 
forms  which  are  assumed  by the  adult  crescent  are  pseudo-round 
bodies. 
Pseudo-Round  Bodies  and  Ovoids.--Many  of  the  so-called 
round bodies and ovoids are : 
(a)  Crescents  viewed  from  their  convex  side. 
(b)  Crescents  bent on themselves. 
(c)  Contracted  round bodies and ovoids  (commonly  found near 
edges of cover-glass smears). 
These  three  classes  will  now be considered  in  greater  detail. 
Crescents  viewed  from their  convex side are  so  seen  when  they 
are  free  from  the  corpuscle and  curled  up,  either  within  a  capsule 
or  free  from  it.  If  seen  in  this  position  when  attached  to  a  cor- 
puscle, the corpuscular substance can be seen only at the sides of the 
crescent  (plate  XXI,  Fig/15). 
Crescents bent on themselves are seen in plate XXII,  Figs.  3 °  to 
34, and need no explanation  other than that they are usually found 
at  the  edges  of  smears  and their  appearance  may be due  to  tech- 
nique  in  spreading  the  blood. 
The  contractability  of  the  crescent  may  be  seen  by  watching 
it on the warm stage.  That  it is responsive  to the stimulus of cold 
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of  the  smear  before  dying  and  the  contact  with  the  cold  glass 
may  cause  the  parasites  to  contract,  giving  them  the  appearance 
of ovoids  and round  bodies.  On the warm stage,  adult  crescents 
have  been  seen to  assume  forms  similar  to  those  shown  in  plate 
XXII,  Figs.  I,  II,  I2,  I7,  2I,  22.  These  round  bodies  are  not 
so  perfectly  rounded  as  are  the  young,  developmental,  or  true 
round  bodies (plate XXII, Figs. 9  and Io, plate XXIII,  Figs.  3,  4, 
5).  Notice the greater width of the contracted crescent as compared 
to that of the crescents not so contracted (plate XXII,  Figs.  6  and 
7).  This  result  is  what  one  would  expect,  for  the  crescents,  in 
shortening their length, must necessarily increase in width. 
The  above  mentioned  contractile  power  of  the  crescent  might 
explain some of the eccentric "aprons "  seen in plate XXII,  Figs. 
6,  i I, 12,  15,  16, and 17,  for if a crescent were embracing a corpuscle 
(as is seen in plate XXI, Fig.  I5)  any contraction of the crescent, 
followed by a drawing along sideways in the smearing of the blood, 
would give a  picture similar to  that  seen in  the photographs. 
Pigment in the Round Bodies.--In the developing or true round 
body, the pigment is seen usually nearer the periphery (plate XXII, 
Figs.  9  and  IO)  than  the  centre  of  the  parasite.  In  the  con- 
tracted crescents (plate XXII, Figs.  I I and I2), the pigment is seen 
nearer the centre of the parasite.  In the crescents bent  on  them- 
selves  (plate XXII,  Figs.  3 °  to 34)  and viewed from the side, the 
pigment is seen nearer the periphery.  A  comparison in plate XXII, 
of Figs.  9  and  IO,  II  and  12,  and 3 °  to  34,  will make the above 
clear.  The  arrangement of the pigment in  the  parasite  is  an  aid 
to the correct interpretation of the type of round body. 
4"  ROSETTES  AND  SEGMENTING  PARASITES  FREE  IN  THE 
BLOOD  SERUM. 
In plate XXVI,  Figs.  16 to 23,  mstivo-autumnal rosettes, tertian 
pre-segmenting  forms,  and  segmenting  bodies  free  in  the  blood 
plasma are shown  for the purpose of comparison.  They were all 
photographed  at  the  same  magnification  (X  2,000). 
~stivo-Autumnal  Rosettes  (Plate XXVI,  Figs.  17 and  18).- 
As  is  well  known, the mstivo-autumnal rosette is  smaller than the 
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structure in  the arrangement of the spores;  and,  as a  rule,  it  con- 
tains  fewer spores than  does the tertian  rosette,  in my experience 
12 to 18 as compared with 8 to 46 in the tertian rosette; and it does 
not enlarge the corpuscle as does the tertian parasite.  In my speci- 
mens,  the corpuscles containing ~estivo-autumnal rosettes generally 
showed more loss of hemoglobin than did those containing tertian 
rosettes. 
Pigment-free  rosettes  are  rarely  seen  in  the  circulating  blood. 
The piganent-free rosette shown in plate  XXVI,  Fig.  17,  contains 
twelve  spores.  It  was  found  in  a  specimen which also  contained 
a  rosette  with  pigment.  The  Hemameba  immaculata,  which  is 
said  to  sporulate  pigment-free,  has  been  described  as  containing 
from  six  to  ten  spores  (Grassi  and  Feletti,  Marchiafava,  Big- 
nami, and others).  In Fig.  19  (tertian segmenting body)  no pig- 
ment is seen; but there is a  circular area at " a "  which may at one 
time have contained the pigment.  In plate XXVI, Fig. 2o  (tertian 
segmenting body), the pigment in the form of tiny rods appeared, 
under the microscope, to be attached to threads of blue protoplasm 
winding between the spores.  This  was more clearly shown in the 
stained  specimen than  would be  possible  to  demonstrate in  a  pho- 
tograph.  In plate  XXVI,  Fig.  16,  note the  delicate protoplasmic 
~estivo-autumnal spores as compared with the heavier spores of the 
tertian parasites  seen in plate  XXVI,  Figs.  21,  22,  and 23.  Plate 
XXVI, Figs.  16, 21  (atypical segmentation), 22, and 23, show par- 
asites which apparently have segmented free in the blood plasma, as 
no  trace  of  hemoglobin  could  be  seen  in  connection  with  them. 
The threads seen connecting the small ring parasites in Fig.  16 were 
stained blue,  similar to the blue of the parasite. 
5"  SCHUFFNER'S GRANULES AND  MAURER'S DOTS. 
Schuffner's granules are rather coarse bodies staining red and 
found in the protoplasm of red corpuscles infected with malarial 
parasites.  Maurer's  dots are in the  form of tiny rings, staining 
red, also found in  the  protoplasm of  red  corpuscles infected  by 
malarial parasites. 
Maurer  claims that  the  presence  of  Schuffner's granules 
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tian  and  ~estivo-autumnal  malaria  in  the  early  ring-form  stage, 
and  he  states  that  these  granules  are  present  only  in  cells  in- 
fected by the amoeboid  parasite, and that the tiny red rings  (perni- 
ciosa macula) develop only in cells infected by the ~esfivo-autumnal 
parasite (see plate XXII, Fig. 24).  In plate XXII, Fig. 23, Schuff- 
net's  granules  are  seen  in  a  corpuscle  infected  by  a  crescentic 
parasite.  In an early case of ~estivo-autumnal malaria,  where the 
blood contained only the small ring-form parasites,  many red cor- 
puscles containing parasites showed the coarse granules; others, the 
tiny  red  rings;  and  some,  both  forms  Of  granulation.  The  fact 
that  Schuffner's  granules  are  seen  in  red  corpuscles  containing 
~estivo-autumnal  parasites  proves  that  this  form  of  granulation 
is not confined to corpuscles infected by the amoeboid parasite. 
In plate XXII, Fig.  24A,  the protoplasm of a  red corpuscle in- 
fected by an amoeboid tertian parasite  (gamete)  contains the dots 
(red rings)  which Maurer described as being present only in cor- 
puscles infected by the mstivo-autumnal parasite.  While this  form 
of  granulation  is  more  commonly found  in corpuscles  containing 
mstivo-autumnal parasites, it may be occasionally seen in corpuscles 
infected by the amoeboid tertian parasite. 
6.  LEUCOCYTES. 
In smears  containing  the active sexual  forms,  there  was  present 
an increase of eosinophiles.  But, as a rule, in other smears  I have 
found  an  increase  of mononuclear  cells, especially  in smears  con- 
taining  crescents.  Mitosis  in  the  mononuclear  cells of  mstivo- 
autumnal  malarial  blood  is not very  rare.  Plate  XXVIII,  Fig.  5, 
shows  one  in mitosis  resembling  the  ordinary  large  lymphocyte. 
In the blood of tertian and mstivo-autumnal  malaria,  some  unusual 
types of mononuclear  cells were seen (plate XXVIII,  Figs.  I to 4), 
the protoplasm  of these being white  and  filled with delicately stain- 
ing blue granules of varying size.  The nucleus is coarsely reticu- 
lated,  showing  considerable  structure  and  staining  a  deep  blue. 
Plate XXVIII, Fig. 2, shows one of these cells in mitosis. 
7-  PHAGOCYTOSIS. 
This important function occurs in the majority of cases of a~stivo- 
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nuclear  cells  (microphages)  and  the  mononuclear  cells  (macro- 
phages).  The most active phagocytosis in the blood is generally be- 
lieved  to  be  during  the  febrile  paroxysm.  I  have  found  phago- 
cytic cells most numerous at  the time of sporulation  and  immedi- 
ately after it.  In certain smears (one containing ahnost exclusively 
the small  ring-form parasites),  the polynuclear cells predominated 
as phagocytes; but when the crescents began to appear the mononu- 
clear cells were more numerous.  The  latter  are usually  found to 
predominate in  the blood  showing adult and  segmenting parasites. 
The polynuclear leucocytes contained pigment and small ring-form 
parasites.  The  mononuclear  phagocytes  engulfed  red  corpuscles 
with and without parasites attached, also pigment, small  ring-form 
parasites  free  from corpuscles,  and,  in  one  instance  only,  a  cres- 
cent.  Plate XXVII,  Figs.  I  to  I2,  show phagocytic cells.  These 
were  found  in  the  blood  of  aestivo-autumnal  malaria  and  all  but 
one  (Fig.  I)  contain  inclusions.  In  cases  of  malignant  ~estivo- 
autunmal malarial fever, the brain capillaries are often loaded with 
parasites.  Plate XXVIII,  Fig.  7, shows a  fixed endothelial cell oi 
a brain capillary acting as a phagocyte and so loaded with blocks of 
pigment that  it is  impossible to make out any definite structure to 
the nucleus.  Note that the capillary is filled with parasites attached 
to red corpuscles; the individual corpuscles with parasites  attached 
can best be seen in plate XXVIII,  Fig. 9. 
8.  ANEMIA. 
In my experience, patients  with aestiVo-autumnal malaria gener- 
ally show more anemia than do those infected by an equal number 
of the tertian parasites.  In most of the specimens containing nu- 
cleated  red  cells,  the  blood  showed  all  the  characteristics  of  per- 
nicious  anemia.  Plate  XXVIII,  Fig.  6,  shows  a  gigantoblast  in 
mitosis.  The  blood  which  contained  active  sexual  forms  showed 
a  severe anemia, megaloblasts predominating over the normoblasts. 
In the blood of one case showing many old crescents, the corpuscles 
showed considerable loss of hemoglobin, nucleated red cells,  enor- 
mous red corpuscles,  and many off-colored and  stippled cells were 
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GENERAL  CONCLUSIONS. 
I.  The description of two distinct types of aestivo-autumnal cres- 
centic parasites  given by Craig in  Osler's  Modern Medicine  (with 
difference in extremities, amount and form of pigment, double-out- 
line, etc.), I  have been unable to confirm. 
2.  The crescentic parasite is throughout its entire existence extra- 
cellular  (i. e., not within the substance of the red corpuscle, but at- 
tached to  its  surface).  It  develops  from the  familiar  small  ring- 
form parasite,  retaining  a  circular contour  until  fully matured. 
3.  The very young ring-form parasite has no capsule; the macro- 
gamete has  one during its  development and  sexual activity;  while 
the microgametocyte has it only during its development. 
4.  The Sexual Cycle  2 of the crescent may occur in the circulating 
blood  of  its  human  host'.  This  cycle is  probably  very rapid,  for 
practically the whole cycle can be seen in a  few smears taken from 
one puncture.  The microgametocyte, or male, develops a  flagellum 
(microgamete) which, after the parasite  has assumed the crescentic 
phase,  leaves the body of the parasite and  enters the body of  the 
macrogamete,  or  female,  during  its  existence  as  a  round  body. 
Fertilization is  then accomplished. 
5.  The microgametocyte, after the escape of the flagellum, shows 
evidence of degeneration and is probably cadaveric. 
6.  After  fertilization,  the  macrogamete  assumes  the  crescentic 
form,  reaches  the  reproductive  phase  and  undergoes  sporulation, 
the product  of which appears  to  be  the  small  ring-form parasite. 
Renewed infection of the red cells then takes place. 
7.  That  the  sexual  cycle is  not  seen  oftener  in  the  circulating 
blood of man may be due to one or more of the following reasons : 
(a)  The process  of reproduction  may be  and  probably  is  very 
rapid  (some forms of protozoa  are exceeded in rapidity of repro- 
duction only by bacteria). 
(b)The  cycle may  usually  take  place  in  some  of  the  internal 
organs. 
(c)  It  may  be  that  the  sexual  cycle  occurs  in  the  peripheral 
blood only at intervals, when it becomes necessary for the parasite 
to  renew its exhausted vitality. 
2I  have worked out  the  different stages of the  developmental and  sexual 
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(d)  The occasional  occurrence of the sexual cycle in  the circu- 
lating blood may be due to some slight chemical change in the com- 
position of the host's blood serum. 
8.  I find no good evidence of conjugation-forms in ~estivo-autum- 
nal  malaria.  I  found  some of  the  young ring  form parasites  in 
close  approximation or overlying each other.  As the sexual cycle 
does take place in the blood of man, such a process of conjugation 
would seem unnecessary, unless it occurred as an atypical process. 
The  fact that the crescent is more resistant to  quinine than  the 
other varieties of malarial parasites might be explained by the pres- 
ence of a capsule which appears to protect the parasite, certainly dur- 
ing the sexual phase and probably during the" resting" period (when 
not undergoing sexual changes).  The youngest form of ring par- 
asite  shows  no  evidence of encapsulation.  This  may explain  the 
fact  that  quinine  is  best  administered  just  before  the  paroxysm 
when the parasite is undergoing segmentation. 
I  wish to acknowledge my great indebtedness to  Drs.  Theobold 
Smith  and  William  T.  Councilman,  of  Harvard  University,  for 
their advice and encouragement; to Dr.  Stuart J.  Lawson, of New 
London,  Connecticut,  I  owe the photographs  which have made it 
possible to demonstrate the results of my work; and to Dr. Richard 
C.  Cabot,  I  am indebted for criticism and encouragement. 
EXPLANATION  OF  PLATES. 
PLATE XIX. 
Magnification  of Figs. 9, IO, 12, x3, 14, and 15, X  1,5oo; others, )<  2,000. 
FIGS. z to 8.  Young ring-form parasites free in the blood serum. 
FIGS.  9  to  I5.  Multiple  infection  of  the  red  corpuscles  by  young  parasites. 
Fig. 9 gives a  good illustration of the achromatic zone.  Fig.  I5 shows three para- 
sites  fastened to  the corpuscle by their loop  attachments. 
FIGS.  I6  to  2o.  Parasites  free  in  the  blood  serum,  showing th,e  loop  attach- 
ment.  In Fig.  I9,  the  parasite has been pulled loose  from the  corpuscle  and the 
loop  has been broken. 
FIGs.  2I,  23,  24,  and  25.  Loop  attachments  of  small  ring-form  parasites 
arising near the  nucleus. 
FIGS.  22  and 26 to  3I.  Small round rings,  staining blue.  Some  are  attached 
to  the  parasite  by  a  very  delicate  thread,  others  are  not.  These  are  probably 
loop  attachments  broken  loose  from  the  parasites,  or  they  may  be  chromatin- 
free  ring-form parasites  resulting  from  forcible  removal  of  nuclei by technique 
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distribution  of  the  chromatin  during  segmentation  (see  plate  XXVI,  Fig.  21, 
showing  atypical  segmentation  of  a  tertian  parasite). 
Fro.  32.  A  pigment-free  contracted  crescent,  showing  a  flagellum  coming 
off,  also  the  loop  attachment  arising  near  the  nucleus  in  the  form  of  a  ring 
and  extending  down.  a  little  below  the  periphery  of  the  parasite.  Dotted  lines 
just outside the loop attachment  indicate  its outline. 
FIGS.  34  to  37.  Pigment-free  crescents.  Two  connected  light  areas  can  be 
seen at the center  of  the crescents  in. Figs. 35,  36,  and  37.  Notice the similarity 
in arrangement  of the light areas  of these  crescents. 
PLATE XX. 
Magnification,  )< 2,ooo. 
FIGS.  I  to  4  and  6  to  9  show  small  ring-form  parasites  whose  nuclei  have 
been  broken  up  and  dist'ributed  more  or  less  over  the  bodies  of  the  parasites. 
The breaking up of the nuclear material is probably  due to technique, and,  as the 
parasites  can  be  injured  without  harm  to  the  red  corpuscles,  the  natural  infer- 
ence  is  that  the  parasites  are  attached to  the  surface  of  the  red corpuscles. 
FIG. 5 shows a  peculiar achromatic portion in the body of the parasite,  divided 
into two parts  by  a  delicate  llne. 
FIGS.  I0  and  II.  Nuclei  of  small  ring-form  parasites  distorted  to  circular 
form by technique.  They were  found  at  the  edge of  a  slide  and  the  corpuscles 
show  considerable  distortion. 
FIGS.  12  and  13.  Threads  of  nuclear  material  drawn  out  from  the  nuclei  of 
small  ring-form  parasites  and  extending  beyond  the  bodies  of  the  parasites 
over  adjacent  corpuscles.  The  parasites  or  corpuscles  are  not  distorted.  The 
fact  that  the  nuclear  material  can  be  drawn  out  beyond  the  parasite  would 
be evidence against the parasite's being protected by a capsule at this period of its 
existence,  and  would  suggest  also  that  it  is  attached  to  the  surface  of  the 
corpuscle. 
FIG.  14.  An  appearance  of  budding  is  given  to  the  red  corpuscles  by  the 
arrangement  of  the  achromatic  zones  of  iwo  parasites,  which  zone  is,  in  this 
instance,  opaque. 
FIG.  15.  The  achromatic  zone  drawn  across  a  red  corpuscle  from  one  para- 
site  to  another.  This  zone  must  be  composed  of  some  non-staining  substance 
and  lie upon  the  surface  of  the corpuscle. 
FIGS.  16  to  19.  Young  parasites  drawn  out,  all  in  one  direction,  into  elon- 
gated  forms.  Since  this  can  happen  without  distortion  of  the  corpuscle,  the 
parasites  must  be  extra-cellular,  i.  e.,  attached  to  the  outside  of  the  red  cor- 
puscles. 
PLATE XXI. 
Magnification,  X  2,0o0. 
FIGs.  I  to  7.  Capsules  enclosing the  parasite.  Note  contrast  of  the  achro- 
matic portion  when  overlying red  corpuscles. 
FIGS.  8  to  14.  Crescents  still  retaining  their  capsules  and  showing  a  portion 
of  the  red  corpuscles  emerging  from  beneath  the  achromatic  portion  of  the 
parasite  (see  "'a").  Fig.  IO  (plate  XXIX,  Fig.  24)  shows  a  gain  of  pigment 
in the capsule.  The capsules here are opaque with the exception of Fig. 9, where 
part  of  the  red  blood  corpuscle  can  be  seen  faintly  through  the  capsule.  Fig. 
13  corresponds  to  plate  XXIX,  Fig.  25. 284:  The ~Estivo-Autumnat Parasite. 
FIGS.  15  to  19.  The  contour  of  the  corpuscles  can  be  traced  through  the 
crescent,  and the poles  of  the crescent are  seen to  extend beyond the outline  of 
the  crescent.  This  is  evidence that the parasite is  not within the corpuscle. 
FIGS.  2o  to  26.  The  crescents  are  wrapped  round  the  corpuscles  and  seen 
from  several  view  points.  Here  the  real  concavity  of  the  crescent  is  seen 
and the remains of the corpuscle can be traced along it in Figs. 20, 21, 22, and 23. 
In  Figs.  24  and  25,  the  crescent  is  seen  from  another  point  of  view,  and  the 
corpuscle  can  be  seen  lying  between  the  body  of  the  crescem  at  "a'"  and  its 
clubbed  end.  In Fig.  26,  one end  of the crescent has become loosened  from the 
corpuscle  and  is  bent back  on itself. 
FIG.  27.  A  crescent apparently embracing a  corpuscle. 
FIG.  28.  A  parasite  on a  red corpuscle which is surrounded by a  dotted  line 
stained  blue  like  the  body  of  the  parasite.  I  do  not  know  its  significance. 
FIG.  29.  Shows. pigment  with  some  chromatin  granules,  overlying  the  edges 
of  a  crescent.  There  is  also  a  pale  blue-staining area,  clearly belonging to  the 
parasite  but  not  an  integral part  of  it,  probably the  capsule. 
FIG.  3  o.  A  somewhat  similar  picture. 
PLATE XXII. 
Magnification,  X  2,000. 
Fins.  I  and  2.  Double  contour  crescents  from  which  the  pigment  has  been 
partially dissolved. 
FIGS.  3  and 4  show the real  as well  as  the assumed  concavity of the crescent. 
See  also  plate  XXI,  Figs.  2o  to  26. 
FIG.  5.  A  crescent  bent  through  its  middle  on  its  long  axis,  with  nucleus 
at '" a." 
FIGS.  6  and  7-  Eccentricities  of  "apron"  formation  (remains  of  red  cor- 
puscles). 
FIG.  8.  Crescent  with  nucleus  at  one  end  and  the  pigmen~  concentrated  at 
the  center. 
FIGS.  9  and  IO.  Genuine  round  bodies  or  developing  crescents,  showing 
delicafe  clefts  between  which  can  be  seen  the  achromatic  substance,  opaque  to 
the  corpuscle  lying  beneath.  The  pigment  is  nearer  the  periphery  than  the 
center of  the  parasites.  In Fig.  9  it is in  the  form  of  dots;  in  Fig.  I0  it  is  in 
the form  of rods.  Both parasites were  found in the  same  smear. 
FIGS.  II  and  12.  Contraction  crescents  (crescents  contracted  into  ovoids). 
The  pigment  is  concentrated  at  the  center,  and  in  the  form  of  rods  and  dots. 
Compare  these parasites  with the developing crescents  (Figs.  9  and  I0). 
FIGS.  13 to  17.  Eccentric  arrangements  of  "aprons"  (corpuscular  remains). 
FIGS.  18  and  19.  Bulging  of  the  corpuscle  at  the  convex  contour  of  the 
crescent,  instead of  at the concave. 
FIG.  2o.  Crescent  bent  on  itself  with  both  poles  on  the  same  side  of  the 
corpuscle. 
FIG.  21.  Crescent  attached  to  a  red  corpuscle  and  somewhat  contracted, 
showing at "a'"  a  portion of  the cyst-wall,  which  is  opaque  to the red corpuscle 
beneath. 
FIG.  22.  A  contracted  round  body,  pigment  centrally  arranged,  in  the  form 
of  dots  and  rods.  The  parasite  is  shorter  and  slightly  wider  than  those  shown 
in Figs.  II and  12. Mary  Rowley-Zawson.  285 
FIG. 23.  Schuffner's granules in a corpuscle infected by a crescent. 
FIG. 24.  Maurer's dots  in the  form  of  tiny red-stained rings in a  red  cor- 
puscle which was infected by a  small ring-form aestivo-autumnal parasite.  The 
achromatic zone of the parasite and the loop attachment show well. 
FIG. 24A.  Maurer's dots  (tiny red  rings)  in a  red  corpuscle infected by a 
tertian parasite  (gamete). 
FIG. 25.  Crescent  with  protuberances  at  periphery  resembling budding, de- 
scribed by some of the  early investigators. 
FIG. 26.  Crescents with protuberances on the surface of the parasite, taking 
a  deep  red  stain. 
FIG. 27.  Crescen~ with two nuclei; the pigment is arranged in a circle around 
each  nucleus, giving the  appearance  of  transverse  segmentation. 
FIGS. 28 and 29.  Crescents showing contraction at the central portion of the 
parasites,  giving them the appearance of preparing to  segment transversely. 
FIGS. 3o to 34.  Crescents bent on themselves,  suggesting round bodies.  They 
were found on the edges  of smears and their shape is probably due to technique. 
PLATE XXIII. 
Parasites of the crescentic sexual cycle.  Microgametocytes  (males)  develop- 
mental stages.  Flagellate bodies and ca'daveric  forms. 
FIGS. 20,  21,  and  22,  magnification, )< 1,5oo; other  figures,  X 2,ooo. 
FIGS.  i  to  7-  Stages  in  the  development  of  the  microgametocyte  (male). 
Fig.  I  shows  a  light area  surrounding the  parasite--probably a  partially trans- 
parent capsule.  Fig. 5- The developing parasite shows an achromatic area at "' a/" 
opaque to  the  red  corpuscle beneath, this  area  is  probably part  of  the  capsule. 
Fig.  7  (plate  XXIX,  Fig.  I)  shows  formation  of  the  chromatin  filament or 
flagellum before the parasite has opened out into the crescentic form. 
FIG. 8.  Nucleus of the parasite is in the form of rods  (connected by almost 
invisible threads)  resembling the  chromosomes  of  a  karyokinetic nucleus. 
Fro.  9.  The  flagellum is  in the  body of  the  parasite.  It  can be  seen lying 
parallel with the long axis of the crescent, and twisted into loops at the extremity 
of  each  pole  of the  parasite. 
FIGS. IO  to  29.  Flagellating drescents.  Fig.  16  shows  a  grain  of  pigment 
on the  flagellum outside the  body of  the  parasite at "a."  Figs.  17,  18,  19,  are 
slightly contracted  crescents.  Figs.  24,  25,  and  26  show  the  clubbed  ends  of 
the  flagella.  Fig.  29  shows  a  parasite  with  the  pigment partially dissolved  so 
that  the  emerging flagellum is  clearer. 
FIGS. 30 to 33.  Cadaveric parasites with absence of chromatin; the bodies of 
30,  31,  and  32  are  short  and  thick;  Figs.  31,  32  ,  and  33  show  poor  staining 
affinity  (degenerative changes). 
PLATE XXIV. 
The  sexual  cycle.  Macrogametes  (females).  Developing parasites  and  the 
phenomenon of  fertilization.  Magnification of  Fig.  I2,  )< 1,5oo; other  figures, 
)< 2,000. 
FIGS. I  and  2.  Developing macrogametes,  not  fertilized  (showing  absence 
of flagella). 286  The ~]~stivo-Autumnal Parasite. 
FIGS.  3  to  II.  Older  forms  of  developing  macrogametes.  Figs.  3  to  8 
show  a  slight  indentation  in the  outline  of  the parasite,  probably  corresponding 
to  what  will be the  clubbed  ends  when  the crescent  has  opened  out.  Figs.  9  to 
II  show  an  achromatic,  circular  portion  which  appears  to  be  a  part  of  the 
capsule.  This  portion  protrudes  slightly  in  9  and  IO,  and  decidedly  in  II.  (t 
may be  the place  of  entrance  of  the  flagellum. 
FIG.  12  (X 1,5oo)  to  18 and plate  XXIX,  Figs.  I2,  13,  14,  15.  Macrogametes, 
each  containing  its  own  nucleus  in  the  form  of  chromatin  granules  at  "a" 
and  a  flagellum, the  entire length of which has not penetrated  the  macrogamete; 
a  part  of  which  can  be  seen  outside  the  parasite  at  "c." 
FIGS.  I9  to  25  (plate  XXIX,  Fig.  I6).  The  flagella  have  penetrated  their 
length  into  the  macrogametes  (with  the  exception  of  Fig.  20,  where  a  part  of 
the  flagellum is  seen  still  outside  the  parasite  at  "c"),  and  the greater  portion 
of the flagellum can  be seen in  that  portion  (at  "x")  of the  macrogamete  (the 
light area)  which is situated between what will be the poles of the parasite  after 
it has  opened out into the crescentic  form.  Notice the large amount  of pigment 
in  these  bodies  and  how  in  many  of  the parasites  it  accentuates  the contour  of 
a  curled  up  crescent  (Figs.  I9,  20,  24,  25).  In  Fig.  2I  (plate  XXIX,  Fig.  I6), 
the  macrogamete  is  seen  attached  to  a  red  corpuscle. 
PLATE XXV. 
Fertilized  macrogametes.  Magnification,  X2,ooo.  In  most  of  them  the 
flagellum  has  penetrated  into  the  body  proper  of  the  macrogamete--that  por- 
tion  of  the  parasite  which  will be  the body  of  the crescent  when  it  has  opened 
out. 
FIG.  I  shows  the  fertilized  macrogamete  partially  freed  from  pigment.  At 
its  periphery  marked  "a,"  the  chromatin  granules  of  its  nucleus  are  grouped. 
Note  that  they  extend  the  full  length  of  the  parasite.  The  grouping  of  the 
granules  may  be  a  preparatory  stage  for  segmentation.  The  greater  length  of 
the flagellum is in the body proper  of the parasite, but a  slight portion which has 
not entered  can  be  seen at  "c." 
FIGS.  2  to  5-  Fertilized  lnacrogametes,  each  with  its  own  nucleus  iu  the 
form of granules  at "a"  and the flagella at "' c." 
FIG.  6  (plate  XXIX,  Fig.  i8).  A  fertilized  macrogamete  with  some  gran- 
ules  of  pigment  in  the  portion  of  the  parasite  generally  occupied  only  by  the 
chromatin  granules.  The  pigment  overlies  the  chromatin,  granules  at  "'a"  in 
the  achromatic  zone.  The  flagellum  is  at  "c.'" 
FIGS.  7  and  8  (plate  XXIX,  Fig.  I7).  Fertilized  macrogametes  in  which,  at 
"a,"  is  seen  the  contour  of  a  body  containing  the  chromatin  granules.  Fla- 
gellum  is  at  "c.'" 
FIGS.  9  and  IO  (plate  XXIX,  Fig.  2o).  Fertilized  macrogametes  showing 
the  curled  up  crescent  contour.  Chromatin  granules  at  "a,"  flagellum  at  "c.'" 
FIGS.  I2  to  22.  Fertilized  macrogametes  with  their  chromatin  granules  at 
"a"  and flagella at "'c."  Figs.  I9 and  20 may be preparing  to open  out. 
FIG.  23  (plate  XXIX,  Fig.  2I).  Fertilized  macrogamete  opening  out,  show- 
ing  the  contour  of  a  round  body  containing  the  chromatin  granules  of  the 
parasite  at  "a,"  situated  at  the  concavity  of  the  crescent.  The  flagellum  ha~ 
penetrated  into  the  body  of  the  parasite  and  shows  loss  of  structure. Mary  Rolvley-Laiwson.
FIGs.  24  and  25  (plate  XXIX,  Figs.  22,  23).  Fertilized  Inacrogainetes  in
which  the  body  containing  the  chromatin  granules  appears  to  open  out  sili-
larly  to  the  method  of  opening  out  of  the  crescent.  The  flagella  in  the  odies
of the  macrogametes  have  lost  their appearance  of  structure.
PLATE  XXVI.
Fertilized  macrogametes:  pre-segmenting  and  segmenting  crescents;  rosettes:
aestivo-autumnal  and  tertian  parasites  segmenting  free  in  the  blood  serum.
Magnification,  Figs.  9,  12,  and  13,  X  ,5oo;  the  other  figures,  X 2,000.
FIGs.  I  to  4  (plate  XXIX,  Fig.  19).  Fertilized  macrogametes.  Figs.  I  to
3 show  a  slight  indication  of  structure  in  the  body  of  the  parasite.  Fig.  2
shows  the  outline  of  the  cystic  wall  at  the  opening  between  the  two  poles  of
the  parasite.  The  line  from  " a"  crosses  it.  The  chromatin  granules  are  at
"a,"  the flagella  at  " c."
FIGS.  5 and  6.  Chromatin  granules  are  at  the  periphery  of  the  parasite  at
"a."  Pre-segmenting  forms  (?).
FIGS.  7 to I5.  Segmenting  crescents.  Chromatin  granules are  usually  situated
at  the  concavity  of  the  crescent.  Figs.  9  and  II  show  such  straight  unbroken
outlines  as  to  suggest  the  presence  of  a  membrane  around  the  crescents.
FIG.  6.  An  aestivo-autumnal  parasite  segmenting  free  in  the  blood  serum.
The  appearance  of  the spores  suggest that they  arise  from  a crescent.
FIG.  7.  Pigment-free  rosette  of  aestivo-autumnal  malaria  (2  spores)  found
in a  smear  containing  a  rosette  with  pigment.
FIG.  18.  Ordinary  aestivo-autumnal  rosette,  the  nuclei  somewhat  distorted
in smearing  the  blood  (8  spores).
FIG.  19  and  20.  Tertian  segmenting  bodies  (20  and  24  spores  respectively)
shown.  to compare  size,  arrangement,  and  number  of  spores  with  those  of  the
aestivo-autumnal  parasites.  Fig.  19  shows  absence  of  pigment,  but  there  is  a
very  faint  area  appearing  at  "a"  which  may  have  contained  pigment  at  one
time.  Fig.  20  shows  that  the  corpuscle  is  infected  by  a  young  ring-form  para-
site  at  "a"  as  well  as  by  the  segnienting  parasites.
FIGs.  21  to  23.  Tertian  parasites  segmenting  free  in  the  blood  serum.  For
want  of  space,  not  all  of  the  spores  in  Figs.  22  and  23  are  shown.  Compare
these  spores  with  those  of  the  stivo-autumlnal  segmenting  body.  Notice  the
atypical distribution of  chromatllti1  in  Fig.  21,  mlny  of  the  rings  being  without
nuclei.
PLATE  XXVII.
Phagocytosis  by  the  leucocytes  in  estivo-autumnal  malaria;  magnification,
X  2,000.
FIG.  I.  Phagocytic  lymphocyte  or  macrophage  with  its  capturing  processes
out
FIG.  2.  Small  lymphocyte  containing  pigment.
FIG.  3.  Degenerated  crescentic  parasite  in  the  broken-off  process  of  a
macrophage.
FIGS.  4 and  5.  Large  mononuclear  cells  (macrophages)  containing  red  cor-
puscles  and pigment  clumps.
FIG.  6.  Lymphocyte  containing  red  corpuscle.
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Ftc.  7.  Lymphocyte,  with  kidney-shaped  nucleus,  containing  two  small  ring-
form  parasites  at  "a."
FIGS.  8  and  9.  Mononuclear  cells  (macrophages)  containing  pigment.
FIG.  10.  Polynuclear  leucocyte  or  microphage,  containing  two  blocks  of
pigment  at  "a."
Fins. iI  and  12.  Polynuclear  leucocytes  (microphages)  containing  small
ring-form  parasites  at  "a."
I'F.  2.  The  polynuclear  cell  appears  to  be  putting  out  a  process  at  c"  to
capture  the  free  parasite  at " d."
PLATE  XXVIII.
Magnification,  X 2,000.
Peculiar  mononuclear  cells,  whose  protoplasm  is  white,  containing  coarse
granules of  varying  size, and  staining  a  delicate  blue.  The  nucleus  shows  much
structure  and  is  coarsely  reticulated,  staining  a  dark  blue.  Fig.  2  shows  this
cell in mitosis.  I  have  seen, this  type of cell  in several  smears  taken  from  severe
cases  of  estivo-autumnal  and  tertian  malaria.
FroIG.  5.  Lymphocyte  in  mitosis.  Many  such  cells  undergoing  mitosis  were
found  in  the  smears  containing  active  sexual  parasites.
FIc.  6.  Gigantoblast  in  mitosis.  Found  in  a  smear  where  the  blood  showed
all  the  characteristics  of  pernicious  anemia.
FIc.  7.  A  brain  capillary,  filled  with  corpuscles  with  parasites  attached,
whose  fixed  endothelial  cell  at  "a"  is  seen  acting  as  a  phagocyte.  The  proto-
plasm  of  this  cell  is  so  loaded  with  pigment  blocks  as  to  hide  completely  the
structure  of the  cell nucleus.
Fi;. 8.  A  group  of young  astivo-autumnal  parasites  found  free  in  a  smear
male  from  the  brain.
I'(;.  o.  A  brain  capillary  in  which  can  be  seen  the  outlines  of  the  red  cor-
putscles  with  parasites  attached  to  them.
PLATE  XXIX.
Magnification  of  Figs.  5, 6, and  12,  X  ,500; the  other figures,  X 2,000.
These  pictures  are  photographs  printed  just  enough  to  show  structure  and
then  colored  in  order  to  obtain  greater  accuracy  than  would  be  possible  with
free-hand  work.  The  macrogametes  should  be  colored  a  more  delicate  blue,
and  their chromatin  granules  a paler  pink.  Facsimiles  of  all  the colored  pictures
are  shown  in  the  uncolored  photographs  for the  purpose  of  comparison.
FiG.  I  corresponds  to  plate  XXIII,  Fig.  7.  A  microgametocyte  (male)
not  yet  opened  out  from  its  circular  developing  form,  but  with  its  chromatin
already  formed  into  a  delicate  filament,  lying  in  a  loose  skein  in  the  parasite,
preparatory  to flagellation.
FIGs.  2  to  IO correspond  to  plate  XXIII,  Figs.  I7,  18,  19,  20,  2I,  13,  4,  25,
and  26.  Flagellating  crescents.  Figs.  9  and  Io  show  the  clubbed  extremities  of
the  flagella.
Fic.  II  corresponds  to  plate  XXIII,  Fig.  30.  A  cadaveric  crescent  after
escape  of the  flagellum.
FIns.  12  to  15  correspond  to plate  XXIV, Figs.  12,  14,  i6,  17.  Macrogametes
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containing at  "a"  their  own nuclei in the  form  of granules,  and  flagella which 
have not  entirely penetrated  the body  of the  female,  a  small portion being seen 
outside at " c." 
FIG. 16  corresponds  to  plate  XXIV,  Fig.  21.  A  macrogamete  attached  to 
a  red  corpuscle.  The nucleus  of  the parasite  can  be  seen  at  "a"  in the  form 
of granules  stain,  ed pink  in the achromatic area  (here  somewhat  transparent  so 
that  the  corpuscle  upon  which  it  lies  shows  through  it).  The  flagellum  cau 
be seen as a  delicate filament stained magenta, partially in the blue and partially 
in the achromatic portion of the parasite at "c." 
FIG.  17  corresponds  to  plate  XXV,  Fig.  8.  A  macrogamete  in  which  the 
flagellum "c" has penetrated into the blue-staining portion of the parasite.  The 
nucleus  of  the  macrogamete can  be  seen  in  the  form  of  tiny  granules  stained 
pink  in  a  small  round  body  at  "a." 
FIG. 18  corresponds  to  plate  XXV,  Fig.  6.  A  macrogamete  in  which  the 
flagellum has penetrated the blue portior~ of the parasite  at "c."  Several grains 
of pigment are  seen  overlying the nucleus  of the parasite  at "a." 
FIGS.  19  and  20  correspond  to  plate  XXVI,  Fig.  4,  and  plate  XXV,  Fig. 
I0.  Fertilized crescents  showing their  nuclei at  "a,'"  between  the  poles  of  the 
crescents, and  their flagella at "c"  in the body proper of the crescents. 
FIG. 21 corresponds to plate XXV, Fig. 23.  A  fertilized crescent just opening 
with its nucleus in the form of tiny granules arranged in a circular mass between 
the poles of the crescent at "a."  The flagellum has  lost its thread-like structure 
and is seen at " c." 
FIGS.  22  and  23  correspond  to  plate  XXV,  Figs.  24  and  25.  Fertilized 
crescents  showing the chromatin  mass  (at  "a')  described  in  Fig. 21;  but  here 
apparently  opening  out  in  the  same  manner  as  the  crescent  opens  out.  Note 
here,  as  in  Fig. 21,  the  changes  in  the  flagellum at  "c,"  the  thickening,  loss  of 
structure,  and  seemingly diminished  amount  as  compared  with  the  flagella seen 
in the other  figures. 
FIGS. 24  and  25  correspond  to  plate  XXI,  Figs.  IO  and  13.  Crescents  with 
capsules,  the  red  corpuscles  emerging from beneath  the  parasites  at  "a."  Fig. 
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